ABSTRACT Plebeia emerina (Friese) (Hymenoptera: Meliponini), like other stingless bees, collect large amounts of vegetal resin and store these materials, called propolis, in individualized clusters inside the nest that remain in a viscous state. The development of intramandibular and head salivary glands in P. emerina workers was studied in different life stages, aiming to relate gland functionality with the age in which they work at propolis maceration, biting the propolis clusters with the mandibles. The morphology of intramandibular and head salivary glands from newly emerged, 20 Ð30 d old, and forager bees was analyzed. The greatest size of the head salivary glands occurred in 20 Ð30-d-old worker bees, and the ultrastructure of this gland showed the presence of rough endoplasmic reticulum and lipid droplets. The intramandibular glands were of two types: glandular units (class 3 glands), present throughout the worker bee life span, and the secretory epithelium (class 1 glands), which hypertrophies in 20 Ð30-d-old and forager bees. The development of the head salivary glands and the mandibular epithelium suggest that their products are added to the propolis clusters, supporting the hypothesis that they may serve in maintaining its viscous state.
Workers of stingless bees perform different tasks during their life span, which in some aspects can be adjusted to colony needs (Hebling et al. 1964 , Simõ es and Bego 1991 , Van Bethem et al. 1995 . Worker capacity to perform different tasks may be associated with both the age of the bee and the physiological status of the exocrine glands (Costa-Leonardo and Cruz-Landim 1977) . In spite of the many studies about exocrine glands in bees, studies on age polymorphism of these glands associated with worker tasks are sparse (Katzav-Gozansky et al. 2001; Billen 2004, 2005) .
Exocrine glands in insects have an epidermal origin and can be classiÞed into different types according their secretion-releasing apparatus. With class I glands, the columnar epidermis releases its secretion through the body cuticle, using the pore canals and resulting in cuticle deposition. Class III glands are those in which the cellular conducting canals open into pores in the cuticle (Cruz-Landim 1967; Quennedey 1974, 1991; Costa-Leonardo and Cruz-Landim 1977; Salles and Cruz-Landim 1998; Cruz-Landim and Reginato 1999; Azevedo et al. 2007 ).
The head salivary and intramandibular glands comprise the salivary system of bees (Cruz-Landim 1967 , Michener 1974 .
Head salivary glands are found in some species of Apinae and have multicellular alveoli with a thin cuticle lining a narrow lumen (Cruz-Landim 1967 , Costa-Leonardo and Cruz-Landim 1977 , Cavasin-Oliveira and Cruz-Landim 1998 . These glands release an oily substance that probably aids worker bees as they work with wax during nest building (Heselhaus 1922) , or in lubricating their mouthparts (Simpson 1960) , or as trail pheromones (Jarau et al. 2004) .
The stingless bees Tetragonisca angustula (Latreille) and Plebeia spp. use large amounts of propolis, storing a viscous cluster of propolis inside the nest (Nogueira-Neto 1997) . This plastering resin can be used for nest defense when placed on the body of an invader (Kerr and Lello 1962) . Plebeia emerina (Friese) workers, between 27 and 33 d old are frequently found macerating propolis onto the storage clusters (Santos 2007) .
The addition of a glandular secretion from the workersÕ glands to the propolis cluster is thought to maintain its viscous state (Nogueira-Neto 1997) . However, the exocrine glands responsible for the production of these substances are unknown. We analyzed the gross structure and ultrastructure of the head salivary and intramandibular glands of P. emerina workers of dif- Newly emerged, 20 Ð30 d old bees (collected inside the nests), as well as forager workers (returning to the nest) were analyzed. The age of the bees was estimated by observing their thoracic color, because the cuticle of aging bees is darker (Fagundes et al. 2006) .
Light Microscopy. Five workers of P. emerina from each age class were cryoanaesthetized for Ϸ1 min at Ϫ20ЊC, rapidly decapitated, and the heads were transferred to 4% aqueous paraformaldehyde in 0.1 M sodium phosphate buffer, pH 7.3. The specimens were dehydrated in a graded ethanol series and embedded in historesin (Leica, Heidelberg, Germany). Sections (4 m in thickness) were stained with methylene blue and basic fuchsin.
Scanning Electron Microscopy. Mandibles of workers were removed and transferred to 5% potassium hydroxide for 24 h, carbon covered (30 nm), and analyzed in a XL30 scanning electron microscope (SEM) (Philips, Eindhoven, Netherlands).
To study the ultramorphology of head salivary glands, Þve workers per age class (newly emerged, 20 Ð30-d-old bees, and forager workers) were cryoanaesthetized, and the glands were dissected and transferred to 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer, pH 7,3. The specimens were dehydrated in a graded series of ethanol and dried in a critical point dryer. The specimens were carbon coated (30 nm) and analyzed in the same SEM.
Transmission Electron Microscopy. The heads of Þve workers per age class were transferred to 2% glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 7.2, for at least 2 h. Both mandibles and the head salivary glands were dissected separately, postÞxed in 1% osmium tetroxide in the same buffer, and embedded in Epon-Araldite. Ultrathin sections (100 nm in thickness) were stained with 1% uranyl acetate and lead citrate and analyzed in an EM 109 transmission electron microscope (Carl Zeiss, Jena, Germany).
Morphometrics and Statistical Analysis. Alveolar areas of both head salivary glands and secretory cells of class 3 intramandibular glands, as well as the height of the secretory epithelium of the intramandibular glands, were measured directly from histological sections with the aid of the software Image Pro-Plus 4.0 (Media Cybernetics, Silver Spring, MD). Alveoli from Þve sections per gland in Þve different workers per age were measured. The data from head salivary glands and secretory epithelium height of intramandibular glands from 20 to 30 d old workers and foragers were submitted to StudentÕs t test at the 5% signiÞcance level. The data on areas of secretory cells of class 3 intramandibular glands in the three studied ages were not homogeneous nor normally distributed; therefore, they were submitted to the nonparametric KruskalÐ Wallis test at the 5% signiÞcance level.
Results
In newly emerged workers of P. emerina head salivary glands were poorly developed showing almost vestigial alveoli, whereas 20 Ð30-d-old workers and foragers had well developed glandular alveoli. In 20 Ð30-d-old workers, alveoli were spherical with a ßattened epithelial lining and an enlarged lumen Þlled with secretion ( Figs. 1 and 2) . In forager bees, the alveoli of head salivary glands were elongated with cuboidal epithelium and a narrow lumen (Figs. 3 and 4) .
The alveolar area in 20 Ð30-d-old workers was higher than in foragers (t ϭ 3.846, P Ͻ 0.01) (Fig. 5) . The secretory cells of the alveoli in 20 Ð30-d-old workers had a well-developed rough endoplasmic reticulum (RER) and some lipidlike droplets (Fig. 6) . In forager workers, the cuticle lining the gland lumen was homogeneous with many folds (Fig. 7) . Subcuticular space was narrow and the cell nucleus has condensed chromatin.
In all P. emerina workers, the intramandibular glands were of two types: a secretory epithelium and (Figs. 8 Ð11) . The secretory epithelium was a class 1 gland and was poorly developed in newly emerged workers (Fig. 8) and was hypertrophied in 20 Ð30-d-old and forager workers being most highly developed in forager workers (t ϭ 6.797, P Ͻ 0.001) (Figs. 9, 10, and 12) . In newly emerged workers the ßattened cells of the mandibular epithelium were rich in smooth endoplasmic reticulum (SER) (Fig.  14) , whereas in 20 Ð30-d-old and forager workers the tall epithelium possessed a subcuticular space Þlled with electron-dense material (Fig. 15) . These cells had well-developed RER (Fig. 17) , a central nucleus with some nucleoli, and a thin basal lamina.
In P. emerina the unicellular glands were designated as class 3 intramandibular glands, and were found in all age classes without signiÞcant differences in degree of development (KruskalÐWallis ϭ 3.725, P ϭ 0.155) (Fig. 13 ). These gland cells had an acidophilic cytoplasm with many granules in newly-emerged workers (Fig. 8) , whereas in 20 Ð30-d-old and forager workers, they were basophilic with many vacuoles, suggesting a constitutive release of their content (Fig. 16) .
The mandibular surface of P. emerina has some clusters of pores at the opening of the conducting canal of the unicellular intramandibular glands (Fig. 11) . 
Discussion
In the honey bee, Apis mellifera L., the head salivary gland alveoli are large in forager workers (KatzavGozansky et al. 2001) , whereas in some stingless bees, larger alveoli were found in 15-d-old workers followed by a degenerative process (Cruz-Landim 1967 , 1968 Salles and Cruz-Landim 1998) . Our results showed there was an enlargement in alveoli size from newly emerged workers with the maximum size in forager workers, suggesting a similar result to that described for honey bees, which may be due to the propolis manipulation performed by foraging honey bees workers (Michener 1974) and in older P. emerina. However, the difference in gland size associated with workersÕ age among P. emerina and other stingless bees maybe because the bee species studied by CruzLandim (1967 CruzLandim ( , 1968 and Salles and Cruz-Landim (1998) do not store viscous cluster of propolis in their nest, as does P. emerina. In those species, older bees do not work at propolis manipulation; accordingly, they do not need a well-developed intramandibular gland.
The occurrence of RER and lipid droplets in cells of the head salivary glands in 20 Ð30-d old workers suggests that these cells play a role in protein and lipids synthesis. Propolis maceration by P. emerina workers occurs between 27 and 33 d of adult age and coincides with an alveolar lumen Þlled with secretion. The relationship between worker behavior and gland morphology in this stingless bee suggests that head salivary gland products may be added to propolis during maceration and may play a role in maintenance of the viscous state of the propolis clusters.
The occurrence of two types of intramandibular glands in P. emerina corroborates previous Þndings that the mandibular epidermis is hypertrophied in some stingless bees (Costa-Leonardo 1978) . The occurrence of well developed endoplasmic reticulum, nuclei with nucleoli, and accumulation of secretion in the subcuticular space suggest high epithelial gland activity in these bees.
Unicellular glands in the mandible have been reported in many stingless bees species, but in A. mellifera they are lacking (Nedel 1960, Cruz-Landim and Reginato 2001) . Nedel (1960) stated that an oily secretion of the unicellular intramandibular glands plays a role in mandible lubrication. Our Þndings of welldeveloped glands in P. emerina workers during their whole life span corroborates NedelÕs hypothesis. However, a well-developed secretory epithelium in 20 Ð30-d-old and forager workers suggests that this gland may play a role in propolis manipulation and resin collection, because these workers manipulate propolis.
Our results revealed polymorphism in head salivary and intramandibular glands in P. emerina workers, and a maximum development of the former and of the secretory intramandibular epithelium in 20 Ð30-d-old and forager workers. These Þndings suggest that their products may be mixed into the propolis clusters and lubricate the mouth parts, corroborating the hypothesis that these glands play a role in propolis manipulation and in maintenance of the viscous state of that stored resource.
